Intracellular signals along the epidermal growth factor receptor (EGFR)-Akt-nuclear factor-kappa B (NF-jB) pathway have been associated with carcinogenesis in various malignant neoplasms. This investigation was to evaluate the expression of EGFR, phosphorylated(p)-Akt and p-NF-jB and correlate them with clinical outcomes in patients with squamous cell carcinoma of the tonsil. A total of 45 patients with squamous cell carcinoma of the tonsil were studied by immunohistochemistry to evaluate the expression levels of EGFR, p-Akt and p-NF-jB. Results for squamous cell carcinoma of the tonsil were compared with those for associated highgrade dysplasia and adjacent normal appearing epithelium, when present. In addition, tonsillar epithelium from non-neoplastic specimens of age-matched patients also was stained for the same markers. High-grade dysplasia and squamous cell carcinoma of the tonsil demonstrated a similar pattern of expression, which differed from the pattern seen in the adjacent normal epithelium and tonsillar epithelium from normal controls (an overexpression for each of these three protein analytes in high-grade dysplasia and squamous cell carcinoma of the tonsil as demonstrated by immunohistochemistry). When markers from squamous cell carcinoma of the tonsil were correlated with survival status, only increasing levels of p-NF-jB immunoreactivity (a relative overexpression) were statistically significant predictors of poor survival. No markers in squamous cell carcinoma of the tonsil were significantly related to rate of recurrence. When analyzing marker scores from tissue with high-grade dysplasia, relative overexpressions of both p-Akt and p-NF-jB were significantly related to poor survival. Additionally, increasing levels of p-NF-jB immunopositivity from tissue with high-grade dysplasia were also significantly related to rate of recurrence. In summary, p-NF-jB, overexpressed in highgrade dysplasia and squamous cell carcinoma of the tonsil, is associated with worse prognosis in terms of high recurrence and poor survival, respectively. This significant finding in patients with squamous cell carcinoma of the tonsil, in combination with previous animal and in vitro studies, suggests that p-NF-jB represents a potential therapeutic target in head and neck squamous cell carcinoma. Keywords: head and neck squamous cell carcinoma; molecular pathways; morphoproteomics; nuclear factorkappa B; prognosis Upregulation of epidermal growth factor receptors (EGFR) has been found in many types of malignant tumors. Enzyme immunoassay has revealed that EGFR overexpression in head and neck squamous cell carcinoma is found in 58% of cases and carries a statistical association with poor survival and TNM stage. 1 Immunohistochemical demonstration of EGFR overexpression in head and neck squamous cell carcinoma has been correlated with a high mitotic index and advanced (stage III and IV) tumors. 2 In a phase II clinical trial in refractory head and neck squamous cell carcinoma, ZD1839 (Iressa), targeted at EGFR, had single-agent activity with a 10.6% response rate and a disease control rate of 53% and was well tolerated. 3 The downstream signals of EGFR such as ras protein (activated through farnesyl transferase), Akt and nuclear factor-kappa B (NF-kB) all may be related to the tumorigenesis of head and neck squamous cell carcinoma. [4] [5] [6] [7] Importantly, two gene microarray studies in head and neck squamous cell carcinoma cell lines or animal models with head and neck squamous cell carcinoma provide evidence that NFkB gene is upregulated. 8, 9 However, it is unclear whether there is concurrent overexpression of potentially related markers such as EGFR and phosphorylated (activated) forms of Akt and NF-kB in head and neck squamous cell carcinoma, and secondly whether they may be associated with poor clinical outcome.
Kinases are critical enzymes in essentially every aspect of cell physiology, which through phosphorylation enable rapid cellular changes in response to environmental and cellular alterations. 10, 11 Intracellular signal transduction is mediated in large part by kinase cascades that propagate, amplify and expand signaling networks. Phosphorylation serves to transduce these signals and dynamically regulates enzymatic activity and protein interactions. The central role of kinases in cellular regulation is reflected in the fact that abnormalities in kinase pathway activity have been implicated in an array of human diseases and in particular, malignant tumors. 12, 13 Dysregulated phosphorylation by an activated oncogene protein is a common mechanism of malignant transformation and tumorigenesis. [12] [13] [14] In this investigation, a semiautomatic immunohistochemical technique was developed to stain phosphorylated signal transduction proteins with a minimal staining background to facilitate visual quantification and cellular compartmentalization of the activated protein (morphoproteomics). We found that EGFR, phosphorylated (p)-NF-kB and pAkt were overexpressed in terms of immunoreactivity for these protein analytes in squamous cell carcinoma of the tonsil and associated high-grade dysplasia, when compared to controls. More importantly, increasing immunohistochemical scores for p-NF-kB (relative overexpressions) were found to convey predictive value for poor survival in squamous cell carcinoma of the tonsil. In high-grade dysplasia, both p-Akt and p-NF-kB overexpressions were statistically and independently associated with poor survival and in addition, p-NF-kB was related to rate of recurrence.
Materials and methods

Patients and Immunohistochemistry for Ki-67 and EGFR
In this study, we focused on patients with squamous cell carcinoma of the tonsil and retrospectively identified forty-five (45) such patients followed within the period from 1998 to 2003 at the Geisinger Medical Center. Archival tissue blocks were retrieved for the analysis. A total of 41 patients undergoing tonsillectomy for nontumoral indications were selected as age-matched controls. Antibodies for Ki-67 and EGFR (PharmDx) were obtained from DAKO Cooperation (Carpinteria, CA, USA). Both p-Akt antibody (serine 473) and p-NF-kB antibody (p-p65, serine 536) were purchased from Cell Signaling Technology, Inc. (Beverly, MA, USA). Paraffin blocks were selected for immunohistochemical staining, in order to identify normal epithelium, high-grade dysplasia and invasive cancer on the same sections, whenever possible. Tissue blocks for tonsillar controls were punctured in constructing a tissue microarray block (0.6 mm in diameter each), using a manual arrayer from Beecher Instruments (Sun Praivie, WI, USA). The tissue block was cut into 5-mm sections and sections were dewaxed in xylene and rehydrated with graded ethanols to water. Subsequently slides were stained immunohistochemically for either Ki-67 or EGFR, using DAKO Autostainer (Model E172566) (Carpinteria, CA, USA).
Semiautomatic Immunohistochemical Staining for p-Akt and p-NF-jB
To minimize the staining background using antibodies against p-Akt and p-NF-kB, a semiautomatic method for phosphorylated protein antibodies was developed. Paraffin-embedded tissues were sectioned and placed on glass slides, and dried at 601C for 1-2 h. Next, they were deparaffinized and underwent antigen retrieval. Slides were placed in a 0.1 M citric acid (Sigma-Aldrich), 0.1 M sodium citrate (Fisher) solution and heated in a microwave until the solution reaches boiling. Once boiling was reached, the slides were heated for 10 min, followed by a 20 min cooling period outside the microwave. The slides were then placed in 0.05 M Tris-HCl, 0.05% Tween-20 (TBST buffer) for 5 min (Tris-HCl in packs from Dako Cytomation, Tween-20 from EM Science). The tissue was then treated with 3% H 2 O 2 (McKesson General Medical) for 5 min, and then rinsed with TBST buffer. A few drops of diluted normal blocking serum (Vectastain kit, Vector Laboratories) were placed on the tissue and incubated at room temperature for 1 h. The serum was then carefully blotted off and the slides were incubated with primary antibody overnight at 41C. The following day, the tissues were rinsed well with TBST buffer for a minimum of 5 min. The rest of the staining procedure took place on a DAKO Autostainer. The machine was programmed to treat each slide with diluted biotinylated secondary antibody solution (Vectastain Kit) for 30 min. The slides were rinsed with TBST buffer and incubated with Vectastain Elite Antigen Binding Complex Reagent (Vectastain Kit) for 30 min. The slides were rinsed p-NF-jB in tonsillar cancer PL Zhang et al with TBST buffer and incubated with DAB solution (3, 3 0 -diaminobenzidine chromogen solution, DAKO EnVision þ System Kit) for 10 min. The slides were then removed from the autostainer and rinsed with distilled water. They were then counterstained with Gill II Hematoxylin (Thermo Shandon) for 20 s, treated with xylene (Fisher) for 10-15 s and coverslipped.
Evaluation of Immunohistochemical Staining
High-grade dysplasia is characterized by a full thickness of atypical proliferative epithelium while normal squamous epithelium preserves active proliferation at the lower basal/suprabasal layers. We found that the greatest differences in staining pattern for all markers between normal squamous epithelium and high-grade dysplasia was within the top 1/3 of squamous epithelium. For the top 1/3 of normal epithelium, the top 1/3 of high-grade dysplasia and invasive cancer, the staining intensity score was graded from 0 to 3 þ (0-no staining, 1 þ -weak staining, 2 þ -moderate staining and 3 þ -strong staining). In addition, the percent of total area staining was also estimated. The combined score was calculated using intensity score times the percent of stained cells. In two previous studies, we found this method of evaluating staining matched very well with the scoring system generated by the ChromaVision Automated Cellular Imaging System.
15,16
Statistical Methods
Clinical data from these patients were collected through Geisinger Health Systems electronic health record (Epicare) and linked to immunohistochemistry data. The clinical data included age, gender, history of smoked/smokeless tobacco, TNM status, stage (I-IV), recurrence and survival. The clinical profiles of the squamous cell carcinoma and control patients were compared using t-tests and w 2 tests as appropriate. Staining intensity score and positively stained percentage was recorded in each group as mean7s.d. Combined score was calculated using stained intensity score multiplying positively stained percent. A one-way analysis of variance (ANOVA) was used to detect overall differences between means of each group. Pair-wise comparisons between groups were conducted while adjusting for multiple comparisons using the Bonferroni method. Further analyses were conducted to determine if significant univariate relationships exist after controlling for age, gender, tobacco use and alcohol use. Overall survival and recurrence rates were summarized using Kaplan-Meier survival curves. The scores of markers from squamous cell carcinoma of the tonsil and high-grade dysplasia tissues were correlated to survival and recurrence using Cox regression. Prior to regression analysis, the combined scores (which ranged from 0 to 300) were transformed into 0, 1 þ , 2þ , and 3 þ . Statistical analysis and data manipulations were conducted using SAS (Statistical Analysis Systems 8.1, Cary, NC, USA). The Kaplan-Meier survival curves were created using S-PLUS 2000 (Mathsoft, Inc., Cambridge, MA, USA). All P-values were twosided and those less than 0.05 were considered statistically significant.
Results
Clinical Profiles of Patients with Squamous Cell Carcinoma of the Tonsil and Tonsillar Controls Patients
There were a total of 86 study subjects included in the analysis, of which 45 had squamous cell carcinoma of the tonsil and 41 were controls. A comparison of the characteristics of the study populations is detailed in Table 1 . A history of tobacco use correlated significantly with squamous cell carcinoma of the tonsil (82% in squamous cell carcinoma of the tonsil group vs 61% in control group, P ¼ 0.028). No significant differences in age, gender and history of alcohol use were observed between patients with squamous cell carcinoma of the tonsil and the control group.
Follow-up periods were available for 41 patients with squamous cell carcinoma of the tonsil. Of 41 patients, 15 died of disease. In all, 30 patients were evaluable for tumor recurrence. Six had disease recurrence. Of those six patients, two patients had distant disease, with liver, lung as sites of disease failure. Two patients had local disease progression. Two patients had second head and neck primaries (base of tongue (2) Table 2 . Statistical analysis of TNM and stage vs outcome revealed the following: (1) high tumor (T) scores may be related to decreased survival (hazard rate ¼ 1.54, P ¼ 0.06); (2) no relationship between T scores and recurrence (hazard rate ¼ 1.62, P ¼ 0.22); (3) nodal status (N) was not significantly related to overall survival (hazard rate ¼ 1.52, P ¼ 0.27) or recurrence (hazard rate ¼ 0.65, P ¼ 0.35); (4) metastasis (M) was not evaluable since cell values were equal to '0'; and (5) stage was not significantly related to overall survival (hazard rate ¼ 0.87, P ¼ 0.60) or recurrence (hazard rate ¼ 0.72, P ¼ 0.41).
Evaluation of Marker Expression Scores between
Groups (Control, Benign, High-Grade Dysplasia, Squamous Cell Carcinoma of the Tonsil)
Plasmalemmal staining of EGFR and predominant nuclear staining of p-NF-kB from one patient with all three components (non-neoplastic squamous epithelium, high-grade dysplasia and squamous cell carcinoma of the tonsil) are illustrated in Figure 2 . The top 1/3 of normal epithelium was not stained either for EGFR and minimally for p-NF-kB, although epithelial cells of proliferative suprabasal layers in the lower 2/3 were stained for both EGFR and p-NF-kB. These expressions coincided with the Ki-67 immunopositivity in the immediate suprabasal layers and are consistent with the putative role of such layers in physiologic renewal and integrity of the mucosal epithelium. 17 In contrast, high-grade dysplasia showed strong staining for both EGFR and p-NF-kB all the way to the surface of the epithelium, with nuclear atypia. Squamous cell carcinoma of the tonsil also revealed strong staining for both EGFR and p-NF-kB similar to high-grade dysplasia. Scores of the several markers were compared between tonsil squamous epithelium from patients without cancer (tonsil controls), benign squamous epithelium from patients with cancer (benign), high-grade dysplasia and squamous cell carcinoma of the tonsil (Table 3) . For all four markers, there was no difference in the pattern of staining between benign appearing epithelium adjacent to cancer and benign tonsillar controls; and between high-grade dysplasia and squamous cell carcinoma of the tonsil. In both high-grade dysplasia and squamous cell carcinoma of the tonsil, the staining intensity, staining percent and combined scores from all four markers were significantly higher when compared with control tonsils and benign appearing epithelium. Table 4 lists the percent distribution of intensity scores for all four markers in the four groups. There were high percents of strong staining (2 þ and 3 þ ) for all four markers in high grade dysplasia and squamous cell carcinoma of the tonsil, whereas the majority of cases from either benign appearing epithelium adjacent to cancer or benign tonsillar controls had 0 to 1 þ staining for the four markers.
Correlation of Cancer Marker Score to Outcomes
There were no significant relationships between Ki-67, EGFR and p-Akt expressions and survival or rate of recurrence. There was a significant relationship between p-NF-kB immunoreactivity and survival. An increase in one level of score, such as from 1 þ to 2 þ , decreased the chance of survival by Figure 1 Disease-free survival curve (%) (n ¼ 41, subjects with squamous cell carcinoma; upper panel) and recurrence-free survival curve (%) (n ¼ 29, subjects with squamous cell carcinoma; lower panel). The dashed lines in both panels represent 95% confidence intervals. Figure 3 contrasts weak (1 þ ) and strong (3 þ ) nuclear staining of p-NF-kB in different squamous cell carcinoma of the tonsil and the lower panel of Figure 3 presents the disease-free survival curve stratified by p-NF-kB level. We did not observe a significant relationship between p-NF-kB and the rate of tumor recurrence.
Correlation of High-Grade Dysplasia Marker Score to Outcomes
This analysis was limited to the 26 subjects with high-grade dysplasia. Neither Ki-67 nor EGFR expression in tissues with high-grade dysplasia correlates with survival and tumor recurrence. A statistically significant relationship was observed Figure 4 (lower panel) contains the disease-free survival curve stratified by p-NF-kB level. In Figure 5 , there was a significant relationship between p-NF-kB and recurrence (higher scores of p-NF-kB related to greater chance of recurrence, P ¼ 0.049).
Discussion
Head and neck squamous cell carcinoma is characterized by local tumor aggressiveness, high rate of early recurrence (regional and distant) and development of second primary carcinomas. Despite modern therapeutic strategies like adjuvant and neoadjuvant radiotherapy and chemotherapy, in addition to surgical management of the tumor, the overall 5-year survival rate does not exceed 55%. 18 Furthermore, head and neck squamous cell carcinoma is a heterogeneous group of tumors presenting in different anatomical regions such as the oral cavity, tonsils/pharynx and the larynx. These subentities show different, biological and clinical behavior, due to different genetic alterations. 19 Head and neck squamous cell carcinoma of the oropharyngeal area Combine ¼ intensity Â percent. EGFR ¼ epidermal growth factor receptor. a P-value o0.05 as compared to tonsil controls. b P-value o0.05 as compared to benign.
Values are presented as mean (s.d.). The overall ANOVA P-value was less than 0.001 for each marker. EGFR-epidermal growth factor receptors; p-NF-kB-phospho-nuclear factor-kappa B; p-Akt-phospho-Akt.
p-NF-jB in tonsillar cancer PL Zhang et al has been related mainly to tobacco and alcohol abuse. 20, 21 Our clinical data including survival, recurrence and tobacco use in the patients with squamous cell carcinoma of the tonsil are essentially compatible with reports in the literature.
Ki-67 was overexpressed in both high-grade dysplasia and squamous cell carcinoma of the tonsil as reported previously. 22 Our data of overexpressed EGFR in squamous cell carcinoma of the tonsil are also consistent with other reports. 1, 2 In addition, we found that high-grade dysplasia was characterized statistically by overexpression of EGFR at the top 1/3 of the squamous epithelium, which may be used as a morphoproteomic marker for confirming the highgrade dysplasia. Moreover, we found that p-Akt was highly expressed in squamous cell carcinoma of the tonsil, confirming one study reported in 2002 23 and also in high-grade dysplasia. Several gene and protein studies provide evidence of an activated NF-kB pathway. [7] [8] [9] 24 Our morphoproteomic data indicate that p-NF-kB is overexpressed and translocated to the nuclei in both high-grade dysplasia and squamous cell carcinoma of the tonsil, pointing toward an activated NF-kB pathway in head and neck squamous cell carcinoma. Taken together, our data suggest that high-grade dysplasia possesses all the proliferative power along EGFR-Akt-NF-kB axes that occurs in squamous cell carcinoma of the tonsil. p-NF-jB in tonsillar cancer PL Zhang et al
The most striking finding in the current study was that the p-NF-kB overexpression in both high-grade dysplasia and squamous cell carcinoma was significantly associated with poor survival. Additionally, p-NF-kB from tissue with high-grade dysplasia was significantly related to tumor recurrence. Although there were fewer cases with high-grade dysplasia compared with squamous cell carcinoma of the tonsil, p-NF-kB expression in high-grade dysplasia appears to carry a strong predictive value for both decreased survival and increased tumor recurrence in patients with squamous cell carcinoma of the tonsil. One speculation is that high-grade dysplasia is usually multifocal and may be more insidious when surgical margins are involved. Based on the data, it may be prudent to aggressively attempt to identify areas of high-grade dysplasia pathologically and implement treatment earlier in the course of managing these patients. The overexpressed p-Akt was significantly associated with poor survival in our study, consistent with a report that p-Akt expression is adversely associated with local control of head and neck squamous cell carcinoma. 23 In the current investigation, the correlation of EGFR overexpression with the survival rate of patients with squamous cell carcinoma of the tonsil, although suggestive, did not reach a statistical significance (P ¼ 0.12), in contrast to what has been reported in a previous study. 1 Furthermore, since TNM status and stage in this population of cancer patients were not significantly correlated with the clinical outcome; our data suggest that p-NF-kB is potentially more sensitive than the conventional value of TNM status and stage to predict prognosis.
Identification of p-NF-kB as a significant predictor for worse outcome also raises the possibility that p-NF-kB may be an important therapeutic target for clinical intervention. Activation of NF-kB has been correlated with radiation resistance in human head and neck squamous cell carcinoma. 25 Using cultured head and neck squamous cell carcinoma from mice, a gene microarray study reports that increased activation of the NF-kB pathway is accompanied by the altered expression of several genes that can regulate NF-kB. 9 It is importantly noted that these altered genes include those responsible for proteasome function and I-kB degradation such as ubiquitin-activating enzyme E1, Nedd-8 and LMP-7. Since a potent proteasome inhibitor, Velcade (bortezomib, formerly called PS-341), has been shown to inhibit tumor growth, partially achieved by inhibiting DNAbinding activity of NF-kB, 26, 27 such an inhibitor may have potential in treating head and neck squamous cell carcinoma. Furthermore, p53 overexpression in head and neck squamous cell carcinoma has been associated with poor clinical outcome 28, 29 and p53 appears to be an additional target for Velcade in several recent studies. [30] [31] [32] Velcade, targeting both NF-kB and p53, may be potentially important in controlling the growth of head and neck squamous cell carcinoma. In addition, the staining intensity of p-NF-kB and p53 may be used as markers for predicting drug effects of Velcade. Our recent study found good correlation between nuclear p-NF-kB staining and inhibitory effects of Velcade in breast cancer cell lines. 33 Curcumin represents another potential therapeutic option in squamous cell carcinoma of the tonsil by virtue of its ability to inhibit the growth and survival of human head and neck squamous cell carcinoma cells via modulation of NF-kB signaling. 34 The latter is accomplished through curcumin's ability to abrogate I-kB alpha kinase (IKK), which is needed for NF-kB activation. Curcumin is also attractive because of its apparent use and relative pharmacological safety in humans. 34, 35 In summary, this investigation demonstrated overexpression of EGFR, p-Akt and p-NF-kB for squamous cell carcinoma of the tonsil and associated high-grade dysplasia, as compared with adjacent non-neoplastic squamous epithelium and tonsillar controls. Overexpressed and translocated p-NF-kB was a marker significantly related to poor prognosis in patients with high-grade dysplasia or squamous cell carcinoma of the tonsil.
